A lot of research and development has been devoted to the exploitation of satellite SAR images for deformation measurement and monitoring purposes since Differential Interferometric Synthetic Apertura Radar (InSAR) was first described in 1989. In this work, we consider two main classes of advanced DInSAR techniques: Persistent Scatterer Interferometry and Tomographic SAR. Both techniques make use of multiple SAR images acquired over the same site and advanced procedures to separate the deformation component from the other phase components, such as the residual topographic component, the atmospheric component, the thermal expansion component and the phase noise. TomoSAR offers the advantage of detecting either single scatterers presenting stable proprieties over time (Persistent Scatterers) and multiple scatterers interfering within the same range-azimuth resolution cell, a significant improvement for urban areas monitoring. This paper addresses a preliminary inter-comparison of the results of both techniques, for a test site located in the metropolitan area of Barcelona (Spain), where interferometric Sentinel-1 data were analysed.
INTRODUCTION
The first description of Differential Interferometric Synthetic Aperture Radar (DInSAR) was based on L-band Seasat data and was made by Gabriel et al. (1989) . In almost three decades, there has been a lot of research related to the exploitation of SAR images to derive deformation measurements. The DInSAR technique has been successfully exploited for a wide range of application fields, achieving important scientific and technical results. For a review, see Bamler and Hartl (1998) and Rosen et al. (2000) .
Several advanced DInSAR techniques have been proposed since the nineties, e.g. see Ferretti et al. (2001) , Strozzi et al. (2009) , Crosetto et al. (2010) , Gernhardt and Bamler (2012) , Devanthéry et al (2014) , Huang et al (2017) . In this paper we refer to them as Persistent Scatterer Interferometric techniques, see for a general review Crosetto et al. (2016) . The common characteristic of the PSI techniques is the use of multiple SAR images acquired over the same site and advanced procedures to separate the deformation component from the other phase components (e.g. residual topographic component, atmospheric component and phase noise).
Tomographic SAR (TomoSAR) techniques have been proposed in the last decade, e.g. see Fornaro and Pascazio (2013) and Baselice et al. (2014) . TomoSAR offers the advantage of detecting either single scatterers presenting stable proprieties over time (Persistent Scatterers or PS), as well as multiple scatterers interfering within the same range-azimuth resolution cell. This advantage is particularly useful for urban areas monitoring. This paper describes two complementary techniques: a PSI technique implemented at CTTC (Spain), and a TomoSAR approach implemented at the Naples University "Parthenope" (Italy). Then it addresses a preliminary inter-comparison of the results of both techniques. The inter-comparison results refer to a test site located in the metropolitan area of Barcelona, where interferometric Sentinel-1 data were analysed.
A PSI TECHNIQUE
The PSI model to estimate the residual topographic error (RTE), the displacement rate (v) and the thermal expansion is briefly discussed in this section, see for details Biescas et al. (2007) and Monserrat et al. (2011 
A TOMOGRAPHYC SAR TECHNIQUE
TomoSAR is a multidimensional imaging technique that can be used to localize scatterers, reconstructing the topography and estimating the displacements of the observed scene (Baselice et al., 2014) . The displacements can be divided into two categories: those that depend on the time and those that are related to temperature changes (thermal expansion). TomoSAR makes use of a stack of complex SAR images to discriminate the superimposed scatterers in a given range-azimuth cell by synthesizing an elevation aperture to reconstruct a full 3D reflectivity profile along azimuth, range and elevation. We briefly outline below a TomoSAR technique called TomoSAR Fast-Sup-GLRT (Budillon et al., 2016 (Budillon et al., , 2017a (Budillon et al., , 2017b ).
The TomoSAR techniques exploit both the amplitude and the phase information contained in the received signal. In any azimuth-range pixel, the k-th image uk, acquired with different temporal baselines
and temperature differences k Temp ∆ , is given by the coherent superposition of the reflectivity of all the scatterers located at the same range-azimuth resolution cell and with different elevation position ∆RTE, differential deformation velocity ∆v and differential thermal parameter ∆Th.
We can denote with γ the N×1 (complex valued) column vector whose elements are the samples of the reflectivity at different elevations for a fixed range and azimuth position, thus, the sampled received signal is related to γ by:
where u is an M×1 observation (complex valued) column vector, w is an M×1 column vector representing noise and clutter, and Φ is an M×N measurement matrix related to the acquisition geometry, whose m-th row φm is given by vec(Φm3), where vec is the operator transforming a three-dimensional matrix of size Ns×Nv×Nk in a row vector of size N=NsNvNk, by loading in the vector all the elements of the matrix scanned in a preassigned order, and Φm3 is the three-dimensional matrix of size Ns×Nv×Nk, whose element of entries (i,l,n) is given by:
{ } 
In order to detect a single scatterer and to estimate its unknown elevation, deformation and thermal expansion, a Generalized Likelihood Ratio Test (GLRT) approach is used. The detection problem is formulated in terms of Kmax+1 statistical hypothesis (Budillon et al., 2016) . We restrict our assumption to the presence of only single scatterers (Kmax=1) in the same rangeazimuth resolution cell. Then, we have the following statistical hypothesis: H0: absence of scatterers, and H1: presence of a single scatterer. The Fast-Sup-GLRT Detector (Budillon et al., 2017a) has been recently extended to the 5D case that takes into account both thermal expansion and surface deformation (Budillon et al., 2017b) ; it is based on GLRT and when Kmax=1, the following binary test applies:
where I is the M×M identity matrix, T ′ in such a way to obtain an assigned probability of false alarm
TECHNIQUE INTER-COMPARISON
A preliminary comparison of the two abovementioned techniques was conducted over a test site located in the metropolitan area of Barcelona. The test area considered in this work covers a part of the Port of Barcelona, see the amplitude image in Figure 1 . This area is covered by 61 Interferometric Wide Swath Sentinel-1 images over the period 6 th March 2015 to 30 May 2017. The perpendicular baseline range is approximately 300 m, while the range of the average air temperature is 26 ºC.
The slant range resolution is 2.7 m, the resolution in azimuth is 22.5, the Rayleigh resolution in height depends on the overall orthogonal baselines span and is about 41 m. In case of the Fast-Sup-GLRT, the thresholds have been computed by Monte Carlo simulation, fixing PFA=10 -4 , the search step in height is about 2 m. The spatial density of the scatterers detected by the PSI approach and the Fast-Sup-GLRT can be appreciated in Figures 2 and 3 . The number of detected scatterers by the PSI approach in the study area is 8240. Over the same area, the number of scatterers detected by Fast-Sup-GLRT is 32189. A remarkable difference in the measurements density is evident (there is a factor 4 between the two solutions). The PSI results were generated using edges e characterized by a high temporal gamma, with values greater than 0.7, and without performing the scatterer densification.
The Fast-Sup-GLRT results, instead, do not explicitly exploit the coherence values, but refer to a fixed probability of detecting a coherent scatterer when no scatterers are present (PFA=10 -4 ). The two adopted criteria are quite different, so that it is very difficult to perform a comparison between the results obtained from the two methods. The inter-comparison of the results of the two techniques was computed over the set of scatterers common to both techniques. The deformation velocity maps estimated by the PSI approach and the Fast-Sup-GLRT are shown in Figures 2 and 3 , respectively. The statistics of the inter-comparison (i.e. the statistics of the differences of the deformation velocity values) are:
The mean of the velocity differences indicates a bias between the two datasets, which can be eliminated by choosing the same reference point for the velocity of the two datasets. The standard deviation of the velocity differences is close to 1 mm/yr, which is often mentioned as the precision that characterizes the PSI deformation velocity values. By assuming the same precision for the two compared techniques and uncorrelated results between the same techniques, the estimated standard deviation of the deformation velocity of each technique is:
St.dev_VELO_TECHNIQUE = 0.85 mm/yr At the time of writing this paper, the results of the intercomparison of the RTE and the thermal maps are not available. Figure 4 shows the thermal expansion map generated using the PSI approach. Most of the scatterers show negligible thermal effects (green colour), while some elements of the port show thermal effects (blue and red colours). 
